Abstract

1
Embryo implantation is the first step in the establishment of pregnancy in eutherian (Placental) 2 mammals. Although viviparity evolved prior to the common ancestor of marsupials and 3 eutherian mammals (therian ancestor), implantation is unique to eutherians. The ancestral therian 4 pregnancy likely involved a short phase of attachment between the fetal and maternal tissues 5 followed by parturition rather than implantation, similar to the mode of pregnancy found in 6 marsupials such as the opossum. Embryo implantation in eutherian mammals as well as embryo 7 attachment in opossum, induce a homologous inflammatory response in the uterus. Here, we 8 elucidate the evolutionary mechanism by which the ancestral inflammatory fetal-maternal 9 attachment was transformed into the process of implantation. We performed a comparative 
Introduction
27
Embryo implantation is the process by which the blastocyst establishes a sustained fetal-maternal 28 interface for the maintenance of pregnancy. It begins with apposition of the blastocyst to 29 endometrial luminal epithelium, followed by its attachment via molecular interactions, and, in 30 many eutherian species, invasion of the endometrium to establish a direct contact with the 31 endometrial connective tissue and vasculature (Mossman 1937, Enders and Schlafke 1969, 32 Schlafke and Enders 1975, Ashary, Tiwari et al. 2018) . Implantation is one of the most critical 33 steps in the establishment of a successful pregnancy, but it only occurs in eutherian mammals 34 (also known as Placental mammals). Mammalian viviparity originated before the common 35 ancestor of eutherian mammals and marsupials, i.e. in the stem lineage of therian mammals. 36 However, marsupial and eutherian pregnancies are different in many fundamental ways, 37 including embryo implantation. 38 Marsupial pregnancy is very short -in most cases shorter than the ovarian cycle (Renfree 1994, 39 McAllan 2011). For most of the duration of marsupial pregnancy, the embryo is present inside of 40 an eggshell (Selwood 2000 ) that precludes a direct physical contact 41 between the fetal and maternal tissues. Towards the end of the pregnancy, the eggshell breaks 42 down and the fetal membranes attach to the uterine luminal epithelium. The phase of attachment 43 lasts a short fraction of the length of gestation, and is soon followed by the birth of highly 44 altricial neonates. For instance, pregnancy in the South American marsupial, the grey short-tailed 45 opossum (Monodelphis domestica), lasts 14.5 days. Embryo attachment begins approximately on 46 the 12 th day post-copulation (dpc) and induces an acute inflammatory response in the uterus 47 ). This inflammation is presumably why embryo attachment 48 precipitates parturition rather than implantation (Chavan, Griffith et In the uterine transcriptomes of opossum, armadillo, and rabbit, we classified each gene as either 153 expressed or not expressed (see Methods). We then classified these genes as "opossum-specific" 154 if they are expressed in opossum but not expressed in armadillo and rabbit, and "Eutheria- were then rehydrated by successive washes in 100% ethanol, followed by running tap water. 
